The Greedy pipe Toolset Manual (Version 1.0) by Datar, Seema & Franklin, Mark A.
Washington University in St. Louis 
Washington University Open Scholarship 
All Computer Science and Engineering 
Research Computer Science and Engineering 
Report Number: WUCSE-2003-61 
2003-08-22 
The Greedy pipe Toolset Manual (Version 1.0) 
Seema Datar and Mark A. Franklin 
Chip Multi-Processors(CMPs) are now available in a variety of systems. They provide the 
opportunity to achieve high computational performance by exploiting application-level 
parallelism within a single chip form factor. In the communications environment, network 
processors (NPs) are often designed around CMP architectures and, in this context, the 
processors may be used in a pipelined manner. This leads to the issue of scheduling tasks on 
such processor pipelines. A tool and algorithm called Greedy pipe has been developed that 
determines the nearly optimal schedules for such multiprocessor pipelines. The tool offers a 
user friendly interface, with easily installable, portable and... Read complete abstract on page 2. 
Follow this and additional works at: https://openscholarship.wustl.edu/cse_research 
Recommended Citation 
Datar, Seema and Franklin, Mark A., "The Greedy pipe Toolset Manual (Version 1.0)" Report Number: 
WUCSE-2003-61 (2003). All Computer Science and Engineering Research. 
https://openscholarship.wustl.edu/cse_research/1107 
Department of Computer Science & Engineering - Washington University in St. Louis 
Campus Box 1045 - St. Louis, MO - 63130 - ph: (314) 935-6160. 
This technical report is available at Washington University Open Scholarship: https://openscholarship.wustl.edu/
cse_research/1107 
The Greedy pipe Toolset Manual (Version 1.0) 
Seema Datar and Mark A. Franklin 
Complete Abstract: 
Chip Multi-Processors(CMPs) are now available in a variety of systems. They provide the opportunity to 
achieve high computational performance by exploiting application-level parallelism within a single chip 
form factor. In the communications environment, network processors (NPs) are often designed around 
CMP architectures and, in this context, the processors may be used in a pipelined manner. This leads to 
the issue of scheduling tasks on such processor pipelines. A tool and algorithm called Greedy pipe has 
been developed that determines the nearly optimal schedules for such multiprocessor pipelines. The tool 
offers a user friendly interface, with easily installable, portable and high-performance design. This report 






.0/1/325476498049: 49;=< >?41:A@7B-CEDF:G49;H@JILK ;
6M/1N=49:A8G2O/1;P8RQTSVUWQT2ONHXH8A/1:Y.HZ1K /1;=Z[/\49;=<^]E;H_TK ;H/1/1:GK`;H_
a

















cH/ÓZ[QF;P8GK ;PX=K ;H_ÔK ;=Z[:A/349bA/ÓK ;8AcH/ÓI Q3_TKLZ^41;=<fi2/32OQF:AhÕZ149N=43Z1K 8GK /1bf49bAbAQJZ1KL498d/3<fwÄK 8dcfib0K ;H_TI /ÖjE.0×fZ+c=K NHb




b0ÜACÙÝ/18wRQF:A@ÞNH:dQ	Z[/1bAbdQF:Ab49:d/ÃQTSß8d/1;ÕZ[QT2&r=K ;=498GK Q3;HbÊQS&UWc=K`NÕ>5X=I`8GK NH:AQJZ[/1bAbAQF:dbÃÛdU>
Ú
bGÜ










;H/18wRQF:A@49;=<49:A/5Z1IL41bAbGK çH/3<Ã49;=<p:AQFXH8A/3<prÂhf4ObGZ+cH/3<0X=I /1:8AQpQF;H/ÄQTSV4O;ÂX=2&rT/1:&QTS»NH:AQJZ[/1bAbAQF:²N=K N»/3ILK`;H/1bGCÝB
N=4FZ+@F/18Y4FS8A/1:Rr»/3K ;H_p:dQFXH8A/3<8AQØ4²N=K`N»/3ILK ;H/3lHwÄKLILITK ;Âg3QF@F/QF;H/QF:Y2OQF:A/QTSk8dcH/549NHN=ILKLZ14980K QF;Hb41bAbAQJZ1KL498A/3<wÄK 8Ac
8AcH/ÄN=K N»/3ILK`;H/Ûè/3C _CÝ:AQ3XH8GK ;H_Tlk/1;=Z[:dhÂNH8GK`QF;=lEZ[QT2ONH:d/1bAbGK QF;=lH/18GZ1CLÜACBS8A/1:8A:G4gF/1:Ab0K ;H_8AcH/N=K NT/3ILK ;H/Ä8AcH/N=4FZ+@F/18
:A/18AXH:d;HbM8dQ8AcH/bGZ+cH/3<0X=I /1:RwcH/1:A/-K 8YK b











QFNH8GK¹2p4FIH49NHN=ILK¹Z1498GK QF;8G41bA@Ø49bAbGK _3;=2O/1;Â8dbSQF:bAX=Z+cpN=K NT/3ILK ;H/1bYK ;:A/349bAQ3;=49r=I /8GK¹2O/3C
Ò
cH/-4FI _3QF:GK 8Ac=2fi/32N=I QhÂb







Ù/18[wRQF:d@ÞNH:AQJZ[/1bAbAQF:Ab8hPN=KLZ14FILI hic=4dg3/n2&X=I 8GK`N=I /nK`;HNHXH8páHQwbwcH/1:A/Ã/34FZ+c%áHQw :d/1NH:A/1bA/1;P8Ab4ÞZ[QF;H;H/3Z[80K QF;
r»/18wR/1/1; <0/1b0K _F;=498A/3<pbAQFXH:GZ[/\49;=<^<0/1bd8GK ;=498GK`QF;nK`;^8AcH/Ä;H/18[wRQF:d@	CD§I QwbYZ[QF;HbGK bd8QTS§4ObA/3ä£XH/1;=Z[/QTSN=4FZ+@F/18Ab
8Ac=498O49:A/bA/1N=49:G418A/3<pK ;8GKL2O/3CR]
4FZÏc5áHQ0wc=49bOZ[/1:A8G4FK`;nZ+c=49:G4FZ[8d/1:GK bA8GK¹Z[b²49;=<YNH:dQ	Z[/1bAb0K ;H_<0/32p41;=<0b:A/3ä£X=K :GK ;H_

Z[/1:A8G43K ;i49NHN=ILKLZ1418GK QF;i4FI`_FQF:GK 8dc=2ObR8AQpr»/Ø49NHN=I¹K /3<-8AQ58AcH/bAX=Z1Z[/1bdbGK gF/ÄN=4FZÏ@3/18Ab41bAbAQJZ1KL498A/3<ÊwÄK`8AcÃ8AcH/áHQwÄCM×8
K b41bAbAX=2O/3<?8Ac=418p8AcH/i49NHN=ILK¹Z1498GK QF;Ô4FI _3QF:GK 8Ac=2bZ[QF;HbGK`bA8QTS&4ÃbA/1:GK /1bpQSÝbA/3ä£XH/1;P8GKL4FILI`hÞQF:G<0/1:A/3<?8049bA@Pb49;=<
KL2ON=I`/32O/1;Â8d/3<ØQF;Ô4-N=K`N»/3ILK ;H/QTSK¹<0/1;Â8GK¹Z14FIJNH:AQJZ[/1bAbAQ3:AbGCÞ]
4FZÏc NH:AQJZ[/1bAbAQF:ØK ; 8AcH/N=K N»/3I¹K ;H/7Q3N»/1:G498d/1bQF;Ô4




cH/²áHQ0w b¾NH:dQ	Z[/1bAb0K ;H_:A/3ä£X=K :A/32/1;Â8Ab²254dhÄc=4gF/RN=49:A8Ab







wÄK 8dc^/34FZ+cÓK ;=Z[QT2pK ;H_N=4FZ+@F/18r»/3I QF;H_K ;H_78dQ7QF;H/QTSE8AcH/ áHQ0w²bGC
Ò
cH/NH:AQ	Z[/1bdbGK ;H_i49bAbdQ	Z1KL418A/3<-wÄK`8Ac^/34FZ+c
áHQwN=43ZÏ@F/18fZ149;ër»/nN=49:A8GK`8GK QF;H/3<%K ;P8AQÔ49;3ð[ò3ñ£ðñò%bA/18QTSffp8G41bA@Âb0lMwÄK 8Acflfiffi ?Z[QF:A:A/1bdN»QF;=<HK ;H_ 8AQ 8AcH/




fi  	ÕÛ(fi ) l*fi + l,fi + lECLC¹Cl-fi.0/  Ü



























cH/p8G49bA@Ó4FI¹I Q	Z1418GK QF;QF:49bdbGK _F;=2O/1;P8NH:AQFr=I`/32æZ[QF;HbGK`bA8AbQTSR2p49NHN=K`;H_^8AcH/fSßX=I¹IbA/18QTS¾8G41bA@ÂbÄQF;P8AQÃ8AcH/
9
NH:dQ	Z[/1bAbdQF:AbQTS¾4N=K N»/3ILK`;H/K ;ê4p2p49;H;H/1:8Ac=498NH:d/1bA/1:AgF/1b8G49bA@QF:G<0/1:0K ;H_pwÄK 8dc=K ;i4OáHQwù41;=<ÊQFNH8GKL2pK`î1/1bÄ4
_TK g3/1;ÃN»/1:GSQF:G2p41;=Z[/52O/18A:GKLZ1C
Ò





B 8G41bA@2p4hQF;=I hr»/549bAb0K _F;H/3<Ê8AQ4bGK ;H_TI /NH:AQJZ[/1bAbAQF:0C
?
×+;%bGK 8dX=498GK QF;HbÄwcH/1:A/Ã8AcH/Ãb04F2O/8G49bA@ëK`bÃ41bAbAQJZ1KL498A/3<^wÄK 8AcÔ2&X=I 8GK N=I`/7áHQwbGl§8AcH/1:A/ÃwÄKLI¹IJr»/i4ÃbGK ;H_TI /
K ;HbA8G49;P8GKL418GK QF;nQTS8AcH/^bdc=49:A/3<?8G49bd@49;=<ëK 8wÄKLILI¾rT/ 49bAb0K _F;H/3<?8AQë4ÃbGK ;H_TI /ÃN=K`N»/3ILK ;H/Ãbd8G49_F/3Cê×9SM8Ac=K b















N=K NT/3ILK ;H/3CãBbAbAX=25K ;H_78dc=4988AcH/ÄN=K N»/3ILK`;H/ÃK`bbAhP;=ZÏcH:AQ3;HQFXHbÛdKLC /3CLlEZ1I`Q	Z+@F/3<HÜAl»8AcH/Z1I`Q	Z+@ÃN»/1:GK`Q	<pwÄKLILIkrT/r=49bA/3<
QF;8AcH/80KL2O/Y49bAbAQJZ1KL498d/3<ãwÄK 8dcÊ8dcH/Ä2p49âJKL2&X=2Óbd8G49_F/R/1âP/3Z[XH8GK QF;8GKL2/Mw²cH/1:A/8Ac=498ã2p49âJKL2&X=2íK b²<0/18A/1:02pK ;H/3<
rPh^8AcH/8G49bd@Âb-49bAbGK`_F;H/3<-8AQ/34FZ+cnbA8G49_F/3C
Ò

























































Qi2p49âJKL2pK`î1/pN=4FZ+@F/188AcH:AQFXH_3cHNHXH8GlJ8AcH/NH:AQFr=I`/32 r»/3Z[QT2O/1bQF;H/5QTS¾çH;=<HK ;H_Ó4Ê8G49bA@Ó49bAb0K _F;=2O/1;P88Ac=498










bA/3Z[8GK Q3;<0/1bGZ[:GK rT/1bY49NHN=ILKLZ14980K QF;QTSÂ8AcH/Äé:A:A/3<0hPN=K N»/8AQPQTI08AQ<HK-@/1:d/1;Â8§bAhPbA8A/32 Z[QF;HçH_FXH:G418GK QF;Hb




QnKLI¹I XHbA8A:G418A/8AcH/QFN»/1:0498GK QF;QTS§éã:d/1/3<0hÂN=K NT/3lJwR/NH:d/1bA/1;Â854S/1wí/1â	4F2N=I /1b&wÊK 8Ac K`;=Z[:A/349bGK ;H_fZ[QT2ON=I`/1â	K 8h3C
Ò



































&¾B .HK ;H_TI`/D§I QwwÄK 8dcÃçHgF/FðòFñ£ðñ$ò&8G49bd@Âb
Ò
cH/Ê8049bA@^×9<0b49:d/p:A/1NH:A/1bA/1;P8A/3<\XHb0K ;H_Ã8AcH/p;HQF80498GK QF;5fiffi§wcH/1:A/fõ§KL<0/1;P8GK çH/1b\4ÊXH;=KLä½XH/58G49bA@JC7D§K`_FXH:A/

bAcHQwbQ3;H/QTSÆ8dcH/N»QFbAb0K r=I /549bAb0K _F;=2O/1;P8AbY49;=<Ê8AcH/ÄQFNH8GKL2p43I»4FILI`Q	Z14980K QF;XHbGK ;H_ÓïMðñ$ñòFóôTõôPñ½C
Per Stage
Execution Time 2 4 3+1+3 = 7 T = 1/MAX{2, 4, 7} 
   = 1/7
Per Stage
Execution Time 2+4 = 6 3+1 = 4 3 T = 1/MAX{6, 4, 3} 
   = 1/6
P1 P2 P3
T1,T2 T3,T4 T5
Packet Input Packet Output
Throughput
Optimal Allocation Using Greedypipe
P1 P2 P3
T1 T2 T3, T4, T5
Possible Allocation
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Per Stage For F1
Execution Time 5












Optimal Allocation Using Greedypipe
Throughput
Throughput
T = 1/MAX{5, 7, 4, 5, 7, 2} 
   = 1/7
T = 1/MAX{9, 3, 4, 5, 7, 2} 
   = 1/9
2
Per Stage For F1
Execution Time
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Please enter the number of stages in the pipeline : 3
Please enter the number of flows in the system   : 2
Please enter the number of tasks in Flow − 1      : 2




Please enter the task Ids in Flow − 2 with the corresponding execution times
(e.g. Task1=3.4,Task2=5.4,Task3=9.4)
Task3=6.2,Task4=8.0
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# System Configuration File
===========================================================
Number of Stages = 3
Number of Flows =  2
# Task Details for Flows
# Each Task Identifier should be represented with a ’Task’ appended
# by a unique integer associated with the Task Id
# The Task Identifiers and the corresponding execution times for a Flow
# should be represented as
# Flow[Integer]:Task[Integer]=Task Execution Time,
#                          Task[Integer]=Task Execution Time, ..
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]
4FZ+c/1;P8A:Ah5<0/1N=KLZ[8GK`;H_8AcH/<0/18G43KLI bãSßQF:V/34FZ+cáHQ0w bAcHQFX=I¹<²rT/R/1;Â8A/1:d/3<²Q3;4M;H/1wÕILK ;H/O49;=<&bAcHQFX=IL<ÄZ[QT2ON=I h





















cH/ÄáHQ0w KL<0/1;Â80K ç=Z1498GK Q3;iK bÄSQTILI QwR/3<YrPhÃ8AcH/Ä8G49bA@fKL<0/1;P8GK çH/1:AbwÄK 8AcÃ8dcH/:A/1bANT/3Z[8GK gF/Ä/1âÂ/3Z[XH80K QF;
8GKL2/1bÄSßQ3:/34FZ+c^8G49bd@	C
Ò
cH/bA/3ä£XH/1;=Z[/QTSÆ8049bA@/1;Â8A:0K /1bÄK ;ê4OáHQw"/1;Â8d:AhÃ:A/1NH:A/1bA/1;P8Ab8dcH/QF:G<0/1:QTS»/1âÂ/3Z[XH80K QF;
QTSÂ8AcH/8G49bA@PbGCE×$Sk8AcH/8G49bd@Ã<0/1804FKLI b²SQF:4áHQwåZ149;H;HQF8RrT/&/1;P8A/1:A/3<QF;4bGK ;H_TI /ÊILK ;H/3l 8dcH/1hpbAcHQFX=IL<r»//1;P8A/1:A/3<
















éK`gF/1;n4bA/18QTSVK ;HNHXH8N=49:04F2O/18A/1:AbYSQF:R8AcH/bAhPbA8A/32 Z[Q3;HçH_FXH:G498GK`QF;=lÂ8AcH/5éã:A/1/3<0hPN=K NT/8AQPQTI	<0/18A/1:G2pK`;H/1bÄ49;=<




   Processor 1 :  Task1  Task6
   Processor 2 :  Task2  Task3  Task8
   Processor 3 :  Task4  Task5  Task9
================================================================







cH/5<HK bAN=IL4hF/3<ÊQFXH8dNHXH8ÄÛAD§K _FXH:d/NqFÜ¾bAcHQwb8AcH/8G41bA@ÂbÊ4FILI QJZ1498A/3<Ê8AQ/34FZ+c^NH:dQ	Z[/1bAbdQF:bA8G41_F/549;=<Ã4FI bdQp8AcH/







c=K bRbA/3Z[80K QF;_TK gF/1bOZ[QT2ON=I /18A//1âJ4F2ON=I /1bQSk/1âÂ/3Z[XH80K QF;QTSk8AcH/?ïMðññ$òFóôTõôPñ8AQPQTI XHb0K ;H_r»QF8AcÃ8dcH/Z[QT252p49;=<
ILK ;H/Q3NH8GK QF;i49;=<p8AcH/8AcH/\Z[QF;HçH_FXH:G4980K QF;ç=I /QFNH80K QF;=C
Ò
cH/ÄçH:AbA8/1âJ4F2ON=I`/r»/3K ;H_fZ[QF;HbGKL<0/1:d/3<-c=49bÄ4bAhÂbd8A/32
Z[QF;HçH_FXH:0498GK QF;wÄK`8AcYMNH:AQJZ[/1bAbAQ3:§bA8G49_F/1b²41;=<O8wMQáHQwZ1I¹49bAbGK ç=Z1418GK QF;HbGC
Ò
cH/Y49NHN=ILKLZ1418GK QF;HbãSßQ3:§8AcH/RçH:AbA8§áHQw
49:A/N=K NT/3ILK ;H/3<nK ;P8AQ8[wRQ8G49bA@Pbwc=KLI /8AcHQFbd/SQF:8AcH/bA/3Z[QF;=<7áHQwíc=4gF/rT/1/1;ìN=K NT/3ILK ;H/3<nK ;P8AQ8AcH:A/1/8G49bA@PbGC
D§K _FXH:d/4Â&bAcHQwbY4FILIF8AcH/bA8A/1NHbQTSH8AcH/ïMðñ$ñò3ódôõßôkñ&8AQPQTIÂ/1âÂ/3Z[XH8GK`QF;7w²cH/1;Ã8AcH/549r»QgF/bAhPbA8A/32ùZ[QF;HçH_FXH:0498GK QF;




Please enter the number of stages in the pipeline : 3
Please enter the number of flows in the system   : 2
Please enter the number of tasks in Flow − 1       : 2
Please enter the task ids in Flow − 1 with the corresponding execution times
(e.g. T1=3.4,T2=5.4,T3=9.4)
T1=2,T2=3.4,T3=5
Please enter the number of tasks in Flow − 2       : 3
Please enter the task ids in Flow − 2 with the corresponding execution times
(e.g. T1=3.4,T2=5.4,T3=9.4)
T4=6,T5=1.2,T6=4
========================  Input Paramaters ===============================
============================System Configuration========================
 Flow 1               −   Task1        Task2        Task3        
 Execution Time −   2.000000    3.400000   5.000000 
 Flow 2               −   Task4        Task5        Task6        
 Execution Time −   6.000000    1.200000    4.000000 
 =========================== Greedypipe Allocation =======================
   Processor = 1 :  Task1  Task4 
   Processor = 2 :  Task2  Task5 
   Processor = 3 :  Task3  Task6 













cH/Ø49NHN=I¹KLZ1498GK Q3;HbK ;8AcH/çH:AbA8áHQw 49:A/
N=K NT/3ILK ;H/3<%K ;P8AQÃçHgF/Ã8G41bA@ÂbÄwc=KLI /58AcHQFbA/fK ; 8AcH/7bd/3Z[QF;=<?áHQw 49:A/N=K NT/3ILK ;H/3< K ;Â8dQ SQFXH:8G49bA@PbGCÞD§K _3XH:A/\ÞbÞ
bAcHQwbp8dcH/iZ[QF;Â8d/1;Â8Ab5QTSW8AcH/ßV;dW8»)8Wç=I /Ã8dc=498<0/1bGZ[:GK`r»/1b8AcH/ÃN=K N»/3I¹K ;H/ Z[QF;HçH_3XH:G498GK Q3;<0/18G43KLI bØSßQ3:p8AcH/
éã:d/1/3<0hÂN=K NT/8AQPQTILC
# System Configuration File
===========================================================
Number of Stages = 3
Number of Flows =  2
# Task Details for Flows
# Each Task Identifier should be represented with a ’Task’ appended
# by a unique integer associated with the Task Id
# The Task Identifiers and the corresponding execution times for a Flow
# should be represented as
#                          Task[Integer]=Task Execution Time, ..
















bAcHQwbR8AcH/43ILI QJZ1498GK QF;5_F/1;H/1:G498A/3<ÊrPhféã:A/1/3<0hPN=K N»/\SßQ3:8AcH/549rTQ0g3/bAhÂbd8A/32 Z[QF;HçH_FXH:0498GK QF;=C
===========================================================
   Processor = 1 :  Task1  Task6 
   Processor = 2 :  Task2  Task3  Task8 
   Processor = 3 :  Task4  Task5  Task9 
 Flow 2         −        Task6          Task3          Task8          Task9           9 
=========================== System Configuration =================
========================== Greedypipe Allocation =================
 Execution Time −   5.000000     4.000000    3.000000     1.000000     3.000000 
 Execution Time −   5.000000    3.000000     4.000000     2.000000 
Pipeline Throughput = 1/7.000000 = 0.1428
























41bAc=K ;H_F8AQ3;ieÝ;=K g3/1:AbGK 8hK ;i.080CLjkQFX=K b0l6M/1N=41:A8G2O/1;P8RQTS¾U§QT2ONHXH8A/1:Ä.HZ1K`/1;=Z[/
49;=<Ã]E;H_TK ;H/1/1:GK ;H_C
|
